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(57) ABSTRACT

In at least one embodiment of the present invention, display is
performed with high color reproducibility by a display device
that performs area active drive. An LED output value calcu-
lating unit obtains LED data representing the luminances
upon light emission of LEDs provided for respective areas,
based onan input image. A display luminance calculating unit
calculates a luminance image including display luminances
for the respective areas, based on the LED data and a lumi-
nance spread filter. An LCD data calculating unit determines
temporary light transmittances of display elements of a liquid
crystal panel based on an input image delayed by a frame
memory and the luminance image, and obtains liquid crystal
data representing light transmittances such that, when a high-
est value of temporary light transmittances for respective
colors exceeds 1, values obtained by dividing each of the
temporary light transmittances by the highest value are used
as light transmittances, and when the highest value does not
exceed 1, the temporary light transmittances are used as light
transmittances. By this, even if there is a color with insuffi-
cient luminance, since the ratio between the colors does not
change, color reproducibility increases.

8 Claims, 5 Drawing Sheets
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IMAGE DISPLAY DEVICE AND IMAGE
DISPLAY METHOD

TECHNICAL FIELD

The present invention relates to an image display device
and an image display method, and more particularly to an
image display device having the function of controlling the
luminance of a backlight (backlight dimming function), and
an image display method for the device.

BACKGROUND ART

In image display devices having a backlight such as liquid
crystal display devices, by controlling the luminance of the
backlight based on an input image, the power consumption of
the backlight can be suppressed and the image quality of a
displayed image can be improved. In particular, by dividing a
screen into a plurality of areas and controlling, based on an
input image in an area, the luminances of backlight light
sources provided for the area, a further reduction in power
consumption and a further improvement in image quality can
be achieved. A method of driving a display panel while thus
controlling the luminances of backlight light sources based
on an input image in each area is hereinafter referred to as
“area active drive”.

An image display device that performs area active drive
uses, for example, LEDs (Light Emitting Diodes) of three
RGB colors or white LEDs, as backlight light sources. For the
luminances of LEDs provided for each area (luminances
upon light emission), appropriate luminances are determined
based on the highest value and mean value of the luminances
of pixels in each area, etc. The determined luminances are
provided to a backlight drive circuit as LED data. In addition,
based onthe LED data and an input image, display data (in the
case of a liquid crystal display device, data for controlling the
light transmittances of liquid crystals) is generated, and the
display data is provided to a display panel drive circuit. In the
case of a liquid crystal display device, the luminance of each
pixel on a screen is the product of the luminance of light from
a backlight and a light transmittance based on display data.

By driving the display panel drive circuit based on display
data generated in the above-described manner, and driving
the backlight drive circuit based on the above-described LED
data, image display based on the input image is performed.

Note that in relation to inventions pertaining to this subject,
the following prior art document is known. Japanese Patent
Application Laid-Open No. 2002-99250 discloses an inven-
tion of a conventional image display device that includes an
illumination luminance control unit that controls the lumi-
nance of illumination light for every plurality of regions
based on an input image signal; and an image signal convert-
ing unit that converts the input image signal based on infor-
mation of the luminances, thereby achieving an increase in
dynamic range and a reduction in power consumption in
image display.

PRIOR ART DOCUMENT
Patent Document

[Patent Document 1] Japanese Patent Application Laid-Open
No. 2002-99250

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

In the above-described conventional image display device,
however, in order to reduce power consumption, the lumi-
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nance of illumination light is reduced. Hence, in the case of a
liquid crystal display device, there may be a case in which,
even if the light transmittances of liquid crystals are set to 1,
the maximum value, since the luminance of illumination light
is insufficient, display cannot be performed at a required
luminance. Therefore, in the case in which illumination light
includes, for example, three colors RGB (red, green, and
blue) and the luminances of these lights are individually
controlled, when the luminances of illumination lights of two
colors at a maximum among the three colors are insufficient,
the two colors may not be able to be displayed at their
required luminances. At this time, since at least one color is
displayed at a required luminance, a problem occurs that the
luminance ratio between the colors at which display is origi-
nally supposed to be performed changes, thereby reducing
color reproducibility (changing hue).

An object of the present invention is therefore to provide an
image display device that performs area active drive and that
is capable of performing display with high color reproduc-
ibility on a display unit, and an image display method for the
device.

Solution to the Problems

According to a first aspect of the present invention, there is
provided an image display device having a function of con-
trolling a luminance of a backlight, the image display device
comprising:

a backlight including a plurality of light sources that emit
lights which are a plurality of primary colors;

a display panel including a plurality of sets of a plurality of
display elements, each set displaying one pixel in a plurality
of colors by allowing lights from the light sources to be
transmitted therethrough;

a light-emission luminance calculating unit that divides an
input image into a plurality of areas and obtains light-emis-
sion luminance data based on the input image, the input image
including a plurality of pixels, each of which is formed by a
plurality of colors, the light-emission luminance data repre-
senting luminances upon light emission of the light sources
provided for the respective areas;

a display luminance calculating unit that determines dis-
play luminances based on the light-emission luminance data
for the respective areas, the display luminances being highest
luminances obtained by the respective display elements;

a display data calculating unit that obtains display data for
controlling light transmittances of the display elements,
based on the input image and the display luminances deter-
mined by the display luminance calculating unit;

apanel drive circuit that outputs, based on the display data,
signals for controlling the light transmittances of the display
elements to the display panel; and

a backlight drive circuit that outputs, based on the light-
emission luminance data, signals for controlling luminances
of' the light sources to the backlight, wherein

when any of luminances for the respective colors forming
a pixel in the input image is higher than a corresponding
display luminance, the display data calculating unit obtains
the display data based on values obtained by dividing each of
the luminances for the respective colors forming the pixel in
the input image by a same value, so that a light transmittance
of a corresponding display element is 1 or less.

According to a second aspect of the present invention, in
the first aspect of the present invention,

the display data calculating unit divides the luminances for
the respective colors forming a pixel in the input image by
corresponding display luminances for the respective colors of
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the pixel, thereby calculating temporary light transmittances
for the respective colors, and when a highest value of the
temporary light transmittances for the respective colors
exceeds 1, the display data calculating unit divides each of the
temporary light transmittances for the respective colors by the
highest value, thereby calculating light transmittances for the
respective colors, and when the highest value is 1 or less, the
display data calculating unit calculates the temporary light
transmittances for the respective colors as light transmit-
tances for the respective colors.

According to a third aspect of the present invention, in the
second aspect of the present invention,

the display data calculating unit includes:

afirst division circuit that outputs the temporary light trans-
mittances for the respective colors which are obtained by
dividing the luminances for the respective colors forming a
pixel in the input image by corresponding display luminances
for the respective colors of the pixel;

a highest value selection circuit that selects a highest value
of'the temporary light transmittances for the respective colors
which are outputted from the first division circuit, and outputs
the highest value as a selected value when the highest value
exceeds 1, and outputs 1 as a selected value when the highest
value is 1 or less; and

a second division circuit that outputs the light transmit-
tances for the respective colors which are obtained by divid-
ing each of the temporary light transmittances for the respec-
tive colors which are outputted from the first division circuit
by the selected value outputted from the highest value selec-
tion circuit.

According to a fourth aspect of the present invention, in the
first aspect of the present invention,

the backlight includes light sources that respectively emit
red, green, and blue which are three primary colors of light,
and

the display panel includes display elements that respec-
tively control transmittances of red, green, and blue lights
emitted from the light sources.

According to a fifth aspect of the present invention, in the
fourth aspect of the present invention,

the display panel includes liquid crystal elements as the
display elements.

According to a sixth aspect of the present invention, there
is provided an image display method for an image display
device having a function of controlling a luminance of a
backlight, and having a backlight including a plurality of light
sources that emit lights which become a plurality of primary
colors; and a display panel including a plurality of sets of a
plurality of display elements, each set displaying one pixel in
a plurality of colors by allowing lights from the light sources
to be transmitted therethrough, the method comprising:

a light-emission luminance calculating step of dividing an
input image into a plurality of areas and obtaining light-
emission luminance data based on the input image, the input
image including a plurality of pixels, each of which is formed
by a plurality of colors, the light-emission luminance data
representing luminances upon light emission of the light
sources provided for the respective areas;

a display luminance calculating step of determining dis-
play luminances based on the light-emission luminance data
for the respective areas, the display luminances being highest
luminances obtained by the respective display elements;

adisplay data calculating step of obtaining display data for
controlling light transmittances of the display elements,
based on the input image and the display luminances deter-
mined in the display luminance calculating step;
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a panel driving step of causing the display panel to control
the light transmittances of the display elements, based on the
display data; and

a backlight driving step of causing the backlight to control
luminances of the light sources, based on the light-emission
luminance data, wherein

in the display data calculating step, when any of lumi-
nances for the respective colors forming a pixel in the input
image is higher than a corresponding display luminance, the
display data is obtained based on values obtained by dividing
each of the luminances for the respective colors forming the
pixel in the input image by a same value, so that a light
transmittance of a corresponding display element is 1 or less.

According to a seventh aspect of the present invention, in
the sixth aspect of the present invention,

in the display data calculating step, the luminances for the
respective colors forming a pixel in the input image are
divided by corresponding display luminances for the respec-
tive colors of the pixel, thereby calculating temporary light
transmittances for the respective colors, and when a highest
value of the temporary light transmittances for the respective
colors exceeds 1, each of the temporary light transmittances
for the respective colors is divided by the highest value,
thereby calculating light transmittances for the respective
colors, and when the highest value is 1 or less, the temporary
light transmittances for the respective colors are calculated as
light transmittances for the respective colors.

According to an eighth aspect of the present invention, in
the seventh aspect of the present invention,

the display data calculating step includes:

a first division step of outputting the temporary light trans-
mittances for the respective colors which are obtained by
dividing the luminances for the respective colors forming a
pixel in the input image by corresponding display luminances
for the respective colors of the pixel;

a highest value selecting step of selecting a highest value of
the temporary light transmittances for the respective colors
which are outputted in the first division step, and outputting
the highest value as a selected value when the highest value
exceeds 1, and outputting 1 as a selected value when the
highest value is 1 or less; and

a second division step of outputting light transmittances for
the respective colors which are obtained by dividing each of
the temporary light transmittances for the respective colors
which are outputted in the first division step by the selected
value outputted in the highest value selecting step.

Effect of the Invention

According to the first aspect of the present invention, when
any of luminances for the respective colors forming a pixel in
the input image is higher than a corresponding display lumi-
nance, display data is obtained based on values obtained by
dividing each of the luminances for the respective colors by
the same value, so that the light transmittance of a corre-
sponding display element is 1 or less. Thus, even if the com-
bined luminance for the respective colors decreases, display
with high color reproducibility can be performed.

According to the second aspect of the present invention,
temporary light transmittances for the respective colors are
calculated, and when the highest value of the temporary light
transmittances exceeds 1, each of the temporary light trans-
mittances for the respective colors is divided by the highest
value, thereby calculating light transmittances for the respec-
tive colors, and when the highest value is 1 or less, the tem-
porary light transmittances for the respective colors are cal-
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culated as light transmittances for the respective colors as
they are. Thus, display with high color reproducibility can be
easily performed.

According to the third aspect of the present invention,
display with high color reproducibility can be performed by a
simple circuit configuration including first and second divi-
sion circuits and a highest value selection circuit.

According to the fourth aspect of the present invention, by
using three primary colors of light for the light sources and
display colors; display with high color reproducibility can be
performed by a generic configuration at low cost.

According to the fifth aspect of the present invention, by
using widely-used liquid crystal elements, display with high
definition and high color representation can be performed at
low cost.

According to the sixth aspect of the present invention, the
same effect as that obtained in the first aspect of the present
invention can be provided by an image display method for an
image display device.

According to the seventh aspect of the present invention,
the same effect as that obtained in the second aspect of the
present invention can be provided by an image display
method for an image display device.

According to the eighth aspect of the present invention, the
same effect as that obtained in the third aspect of the present
invention can be provided by an image display method for an
image display device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
liquid crystal display device according to an embodiment of
the present invention.

FIG. 2 is a diagram showing a detail of a backlight included
in the liquid crystal display device according to the embodi-
ment.

FIG. 3 is a block diagram showing a detailed configuration
of an area active drive processing unit in the liquid crystal
display device according to the embodiment.

FIG. 4 is a flowchart showing a process of the area active
drive processing unit in the embodiment.

FIG. 5 is a block diagram showing a detailed configuration
of'an LCD data calculating unit in the embodiment.

FIG. 6 is a diagram showing the process of obtaining liquid
crystal data and LED data in the embodiment.

MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention will be described
below with reference to the accompanying drawings.

<1. Overall Configuration and Overview of Operation>

FIG. 1 is a block diagram showing a configuration of a
liquid crystal display device 10 according to an embodiment
of the present invention. The liquid crystal display device 10
shown in FIG. 1 includes a liquid crystal panel 11, a panel
drive circuit 12, a backlight 13, a backlight drive circuit 14,
and an area active drive processing unit 15. The liquid crystal
display device 10 performs area active drive where the liquid
crystal panel 11 is driven while the luminances of backlight
light sources are controlled based on an input image in each of
a plurality of areas into which a screen is divided. In the
following, m and n are integers greater than or equal to 2, p
and q are integers greater than or equal to 1, and at least one
of p and q is an integer greater than or equal to 2.

An input image 31 including an R image, a G image, and a
B image is inputted to the liquid crystal display device 10.
Each of the R image, the G image, and the B image includes
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the luminances of (mxn) pixels. The area active drive pro-
cessing unit 15 obtains, based on the input image 31, display
data used to drive the liquid crystal panel 11 (hereinafter,
referred to as liquid crystal data 32) and backlight control data
used to drive the backlight 13 (hereinafter, referred to as LED
data 33) (details will be described later).

The liquid crystal panel 11 includes (mxnx3) display ele-
ments 21. The display elements 21 as a whole are arranged
two-dimensionally such that 3 m display elements 21 are
arranged in a row direction (a horizontal direction in FIG. 1)
and n display elements 21 are arranged in a column direction
(a vertical direction in FIG. 1). The display elements 21
include R display elements that allow red light to be trans-
mitted therethrough, G display elements that allow green
light to be transmitted therethrough, and B display elements
that allow blue light to be transmitted therethrough. The R
display elements, the G display elements, and the B display
elements are arranged side by side in the row direction, and
three R, G, and B display elements form one pixel.

The panel drive circuit 12 is a drive circuit for the liquid
crystal panel 11. The panel drive circuit 12 outputs signals
(voltage signals) for controlling the light transmittances of
the display elements 21 to the liquid crystal panel 11, based
on the liquid crystal data 32 outputted from the area active
drive processing unit 15. The voltages outputted from the
panel drive circuit 12 are written into pixel electrodes (not
shown) in the respective display elements 21, and the light
transmittances of the display elements 21 change according
to the voltages written into the pixel electrodes.

The backlight 13 is provided on the back side of the liquid
crystal panel 11 and irradiates backlight light to the back of
the liquid crystal panel 11. FIG. 2 is a diagram showing a
detail of the backlight 13. As shown in FIG. 2, the backlight
13 includes (pxq) LED units 22. The LED units 22 as a whole
are arranged two-dimensionally such that p LED units 22 are
arranged in the row direction and q LED units 22 are arranged
in the column direction. Each LED unit 22 includes one red
LED 23, one green LED 24, and one blue LED 25. Lights
emitted from three LEDs 23 to 25 included in one LED unit
22 hit a part of the back of the liquid crystal panel 11.

The backlight drive circuit 14 is a drive circuit for the
backlight 13. The backlight drive circuit 14 outputs signals
(voltage signals or current signals) for controlling the lumi-
nances of the LEDs 23 to 25 to the backlight 13, based on the
LED data 33 outputted from the area active drive processing
unit 15. The luminances of LEDs 23 to 25 are controlled
independently of the luminances of LEDs inside and outside
the unit thereof.

A screen of the liquid crystal display device 10 is divided
into (pxq) areas, and one LED unit 22 is provided in one area.
The area active drive processing unit 15 determines, for each
of the (pxq) areas, based on an R image in the area, a lumi-
nance of a red LED 23 provided for the area. Likewise, a
luminance of a green LED 24 is determined based on a G
image in the area, and a luminance of a blue LED 25 is
determined based on a B image in the area. The area active
drive processing unit 15 determines luminances of all of the
LEDs 23 to 25 included in the backlight 13, and outputs LED
data 33 representing the determined LED luminances to the
backlight drive circuit 14.

In addition, the area active drive processing unit 15 deter-
mines, based on the LED data 33, luminances of backlight
lights in all of the display elements 21 included in the liquid
crystal panel 11. Furthermore, the area active drive process-
ing unit 15 determines light transmittances of all of the dis-
play elements 21 included in the liquid crystal panel 11 based
on the input image 31 and the luminances of backlight lights,
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and outputs liquid crystal data 32 representing the determined
light transmittances to the panel drive circuit 12. Note that
detailed description of how to determine the luminances of
backlight lights by the area active drive processing unit 15
will be provided later.

In the liquid crystal display device 10, the luminance of an
R display element is the product of the luminance of red light
emitted from the backlight 13 and the light transmittance of
the R display element. Light emitted from one red LED 23
hits a plurality of areas around a corresponding area. Thus, the
luminance of an R display element is the product of the sum
of the luminances of lights emitted from a plurality of red
LEDs 23 and the light transmittance of the R display element.
Likewise, the luminance of a G display element is the product
of'the sum of the luminances of lights emitted from a plurality
of'green LEDs 24 and the light transmittance of the G display
element, and the luminance of a B display element is the
product of the sum of the luminances of lights emitted from a
plurality of blue LEDs 25 and the light transmittance of the B
display element.

According to the liquid crystal display device 10 config-
ured in the above-described manner, suitable liquid crystal
data 32 and LED data 33 are obtained based on an input image
31, the light transmittances of the display elements 21 are
controlled based on the liquid crystal data 32, and the lumi-
nances of the LEDs 23 to 25 are controlled based on the LED
data 33, whereby the input image 31 can be displayed on the
liquid crystal panel 11. In addition, when the luminance of
pixels in an area is low, by reducing the luminance of LEDs 23
to 25 provided for the area, the power consumption of the
backlight 13 can be reduced. In addition, when the luminance
of pixels in an area is low, by switching the luminance of
display elements 21 provided for the area between smaller
levels, the resolution of an image is increased, enabling to
improve the image quality of a displayed image.

<2. Configuration of the Area Active Drive Processing
Unit>

FIG. 3 is a block diagram showing a detailed configuration
of the area active drive processing unit 15 in the present
embodiment. The area active drive processing unit 15
includes, as components for performing a predetermined pro-
cess, an LED output value calculating unit 151, a display
luminance calculating unit 152, and an LCD data calculating
unit 154, and includes, as components for storing predeter-
mined data, a frame memory 153 and a luminance spread
filter 155. Note that, in the present embodiment, a light-
emission luminance calculating unit is implemented by the
LED output value calculating unit 151, and a display data
calculating unit is implemented by the LCD data calculating
unit 154. Note also that, although these components consist of
dedicated hardware, the functions of these components may
be implemented by a program installed on hardware such as
a predetermined microcomputer or signal processor.

The LED output value calculating unit 151 divides an input
image into a plurality of areas and obtains LED data (light-
emission luminance data) 33 representing the luminances
upon light emission of the LEDs provided for the respective
areas. Note that, in the following, the value of the luminance
upon light emission of LEDs is referred to as an “LLED output
value”.

The luminance spread filter 155 typically stores PSF (Point
Spread Filter) data 43 which is data representing how light
spreads by numerical values, in order to calculate display
luminances for the respective areas. The display luminance
calculating unit 152 obtains a luminance image 41 by per-
forming convolution of the LED data 33 and the PSF data 43
stored in the luminance spread filter 155. Note that the lumi-
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nance image 41 is subjected to linear interpolation so as to
have the same image size as liquid crystal data 32.

The frame memory 153 temporarily stores the input image
31 and holds the input image 31 until computations by the
LED output value calculating unit 151 and the display lumi-
nance calculating unit 152 complete (until computation time
has elapsed). Thereafter, the frame memory 153 provides an
input image 42 delayed so as to be simultaneously provided
with the corresponding luminance image 41, to the LCD data
calculating unit 154.

The LCD data calculating unit 154 obtains liquid crystal
data 32 representing the light transmittances of all of the
display elements 21 included in the liquid crystal panel 11,
based on the input image 42 delayed by the above-described
computation time and the corresponding luminance image
41. A detailed configuration of the LCD data calculating unit
154 will be described later.

<3. Processing Procedure of the Area Active Drive Pro-
cessing Unit>

FIG. 4 is a flowchart showing a process of the area active
drive processing unit 15. An image of a given color compo-
nent (hereinafter, referred to as the color component C)
included in an input image 31 is inputted to the area active
drive processing unit 15 (step S11). The input image of the
color component C includes the luminances of (mxn) pixels.
Note that in the present embodiment, the color components
are of three colors RGB, and in practice, this process is
simultaneously performed for all of the colors.

Then, the area active drive processing unit 15 performs a
sub-sampling process (averaging process) on the input image
of the color component C, thereby obtaining a scaled-down
image including the luminances of (spxsq) pixels (s is an
integer greater than or equal to 2) (step S12). At step S12, the
input image of the color component C is scaled down by a
factor of (sp/m) in the horizontal direction and a factor of
(sq/n) in the vertical direction. Then, the area active drive
processing unit 15 divides the scaled-down image into (pxq)
areas (step S13). Each area includes the luminances of (sxs)
pixels. Then, the area active drive processing unit 15 deter-
mines, for each of the (pxq) areas, a highest value Ma of the
luminances of pixels in the area and a mean value Me of the
luminances of the pixels in the area (step S14).

Then, the area active drive processing unit 15 determines,
for each of the (pxq) areas, an LED output value (the value of
the luminance upon light emission of LEDs) (step S15).
Methods of determining the LED output value include, for
example, a method of determining it based on a highest value
Ma of the luminances of pixels in the area, a method of
determining it based on a mean value Me of the luminances of
pixels in the area, and a method of determining it based on a
value obtained by performing weighted averaging of the
highest value Ma and mean value Me of the luminances of
pixels in the area. Here, even in the case of determining an
LED output value based only on a highest value Ma, if the
luminances in areas around and adjacent to a corresponding
area are low, then the luminances of pixels in the area may not
reach the highest value Ma, resulting in the luminances being
insufficient. Therefore, even in the case of determining an
LED output value based only on a highest value Ma, the
problem occurs as well that the luminance ratio between the
colors at which display is originally supposed to be per-
formed changes, thereby reducing color reproducibility
(changing hue). Note that the processes at steps S11 to S15 are
performed by the LED output value calculating unit 151 in the
area active drive processing unit 15.

Then, the area active drive processing unit 15 applies the
luminance spread filter (point spread filter) 155 to the (pxq)
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LED output values determined at step S15, thereby obtaining
first backlight luminance data including (tpxtq) display lumi-
nances (tis an integer greater than or equal to 2) (step S16). At
step S16, the (pxq) LED output values are scaled up by a
factor of t in both the horizontal direction and the vertical
direction, whereby (tpxtq) display luminances are deter-
mined. Note that the process at step S16 is performed by the
display luminance calculating unit 152 in the area active drive
processing unit 15.

Then, the area active drive processing unit 15 performs a
linear interpolation process on the first backlight luminance
data, thereby obtaining second backlight luminance data
including (mxn) luminances (step S17). At step S17, the first
backlight luminance data is scaled up by a factor of (m/tp) in
the horizontal direction and a factor of (n/tq) in the vertical
direction. The second backlight luminance data represents the
luminances of backlight lights of the color component C that
enter (mxn) display elements 21 of the color component C
when (pxq) LEDs of the color component C emit lights at the
luminances determined at step S15. The second backlight
luminance data is outputted from the display luminance cal-
culating unit 152, as a luminance image 41. Note that the
luminance image 41 is created for the respective colors (one
by one in a time-division manner or simultaneously in a
parallel manner) and is simultaneously provided to the LCD
data calculating unit 154.

Then, the area active drive processing unit 15 divides the
luminances of the (mxn) pixels included in the input image of
the color component C by the (mxn) luminances included in
the second backlight luminance data, respectively, thereby
determining temporary light transmittances Tt of the (mxn)
display elements 21 of the color component C (step S18). By
this, temporary liquid crystal data including (mxn) pixels is
generated. Here, it is assumed that there may be a temporary
light transmittance Tt exceeding 1. Since the light transmit-
tance of liquid crystals cannot exceed 1, in conventional area
active drive, if a value exceeding 1 is calculated, i.e., if a pixel
luminance included in the input image of the color compo-
nent C is higher than a corresponding one in the second
backlight luminance data, then in order to prevent the light
transmittance T from exceeding 1, a process of rounding the
value to 1 is performed. In the present embodiment, however,
even if atemporary light transmittance Tt exceeds 1, a process
of rounding the value thereof to 1 is not performed.

Then, the area active drive processing unit 15 divides the
temporary light transmittances Tt of the (mxn) display ele-
ments 21 of the color component C which are determined at
step S18, by their respective selected values S, thereby deter-
mining light transmittances T of the (mxn) display elements
21 of the color component C (step S19). Here, the selected
value S is set as follows. When any of temporary light trans-
mittances Tt for all color components (color components of
three RGB colors) forming a given pixel among the (mxn)
pixels exceeds 1, the highest value of the three temporary
light transmittances Tt is set as the selected value S, and when
none of the temporary light transmittances Tt exceeds 1, the
selected value S is set to 1. By dividing the temporary light
transmittances Tt by sucha selected value S, even if any of the
temporary light transmittances Tt exceeds 1, color reproduc-
ibility can be maintained.

Namely, according to a conventional configuration in
which, for example, in order to prevent a light transmittance
T from exceeding 1, a process of rounding the value thereofto
1 is performed, when a light transmittance T exceeds 1, only
aluminance value for a color to be rounded among luminance
values for the respective RGB colors forming one pixel is
reduced. Thus, an overall luminance value (combined lumi-

20

25

30

35

40

45

50

55

60

65

10

nance value) for the three colors is close to a luminance value
at which reproduction is supposed to be performed, but since
the luminance ratio between the three colors changes, the
color reproducibility in the pixel decreases (hue changes).
However, according to the above-described configuration of
the present embodiment, when any of temporary light trans-
mittances Tt exceeds 1, each of the temporary light transmit-
tances Tt is divided by the highest value thereof, and thus, an
overall luminance value (combined luminance value) for the
three colors is smaller than a luminance value at which repro-
duction is supposed to be performed. However, since the
luminance ratio between the three colors does not change, the
color reproducibility in a corresponding pixel does not
decrease (hue does not change). Therefore, an image can be
displayed in more natural colors.

Note that the processes at steps S18 and S19 are performed
by the LCD data calculating unit 154 in the area active drive
processing unit 15. A detailed configuration of such an LCD
data calculating unit 154 will be described with reference to
FIG. 5.

FIG. 5 is a block diagram showing a detailed configuration
of'the LCD data calculating unit. As shown in this FIG. 5, the
LCD data calculating unit 154 includes first division circuits
541 to 543, second division circuits 545 to 547, and a highest
value selection circuit 544. The first division circuit 541
receives R luminance data 417 which is R (red) luminance
data in a luminance image 41, and input R luminance data 427
which is R (red) luminance data in a delayed input image 42.
Positions (pixel positions) in images of these luminance data
units are the same. The frame memory 153 performs control
to delay data by computation time so that data units in the
same position can be simultaneously provided to the LCD
data calculating unit 154.

The first division circuit 541 divides the input R luminance
data 427 by the R luminance data 417 and provides an
obtained result, as temporary R liquid crystal data 32r¢, to the
second division circuit 545 and the highest value selection
circuit 544. Note that this operation was described in detail at
step S18.

The above-described operation is also similarly performed
for the first division circuits 542 and 543 and for G (green) and
B (blue) data, and thus, detailed description thereof is omit-
ted.

The highest value selection circuit 544 compares the tem-
porary R liquid crystal data 3277, temporary G liquid crystal
data 32g¢, and temporary B liquid crystal data 3257 which are
received from the first division circuits 541 to 543, and selects
the highest value. If the selected value exceeds 1, then the
value is outputted as a selected value S, and if the selected
value is 1 or less, then 1 is outputted as a selected value S. The
outputted selected value S is provided to the second division
circuits 545 to 547.

The second division circuit 545 divides the temporary R
liquid crystal data 3277 received from the first division circuit
541 by the selected value S received from the highest value
selection circuit 544, and outputs an obtained result as R
liquid crystal data 32r. Note that the second division circuits
546 and 547 also similarly perform the process for G (green)
and B (blue) data, and thus, detailed description thereof is
omitted.

The R liquid crystal data 327, G liquid crystal data 32g, and
B liquid crystal data 326 which are calculated in the above-
described manner for all of the pixels are provided to the panel
drive circuit 12 as liquid crystal data 32, as shown at step S20
which will be described later. Note that in practice, the liquid
crystal data 32 is converted into values suitable for the panel
drive circuit 12.
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Note that the functions of the LCD data calculating unit
154 may be implemented by a program. In that case, the
configuration is preferably such that, when a selected value
exceeds 1, the highest value selection circuit 544 (a portion of
the program corresponding thereto) sets the value as a
selected value S, and R liquid crystal data 327 is obtained by
the second division circuit 545 (a portion of the program
corresponding thereto), and when the selected value is 1 or
less, temporary R liquid crystal data 3277 is used as R liquid
crystal data 32r. By doing so, the number of processes per-
formed by the second division circuit 545 (a portion of the
program corresponding thereto) can be reduced.

Finally, the area active drive processing unit 15 outputs, for
each color component, liquid crystal data 32 representing the
(mxn) light transmittances determined at step S19, and LED
data 33 representing the (pxq) LED output values determined
at step S15 (step S20). At this time, the liquid crystal data 32
and the LED data 33 are converted into values in a suitable
range, in accordance with the specifications of the panel drive
circuit 12 and the backlight drive circuit 14.

The area active drive processing unit 15 performs the pro-
cess shown in FIG. 4 in the above-described manner on an R
image, a G image, and a B image and thereby obtains, based
on an input image 31 including the luminances of (mxnx3)
pixels, liquid crystal data 32 representing (mxnx3) transmit-
tances and LED data 33 representing (pxqx3) LED output
values.

FIG. 6 is a diagram showing the process of obtaining liquid
crystal data and LED data for the case in which m=1920,
n=1080, p=32, q=16, s=10, and t=5. As shown in FIG. 6, by
performing a sub-sampling process on an input image of a
color component C which includes the luminances of (1920x
1080) pixels, a scaled-down image including the luminances
of (320x160) pixels is obtained. The scaled-down image is
divided into (32x16) areas (the area size is (10x10) pixels).
By determining the highest value Ma and mean value Me of
the luminances of pixels for each area, highest value data
including (32x16) highest values and mean value data includ-
ing (32x16) mean values are obtained. Then, based on the
highest value data or the mean value data or based on
weighted averaging of the highest value data and the mean
value data, LED data for the color component C representing
(32x16) LED luminances (LED output values) is obtained.

By applying the luminance spread filter 155 to the LED
data for the color component C, first backlight luminance data
including (160x80) display luminances is obtained. By
applying a correction filter to the first backlight luminance
data, correction is performed on the display luminances
included in the first backlight luminance data. By performing
a linear interpolation process on the first backlight luminance
data, second Dbacklight Iluminance data including
(1920x1080) display luminances is obtained.

The above-described process is performed for the respec-
tive RGB colors simultaneously in a parallel manner, or in a
time-division manner, thereby obtaining second backlight
luminance data for all of the RGB colors. Finally, by dividing
the luminances of the pixels included in the input image by
the display luminances included in the second backlight lumi-
nance data, (1920x1080) temporary light transmittances are
calculated. Then, when none of temporary light transmit-
tances for the respective RGB colors including the color
component C exceeds 1, 1 is set as a selected value. When any
of the temporary light transmittances exceeds 1, the highest
value thereof is calculated as a selected value S. Then, by
dividing the (1920x1080) temporary light transmittances for
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the color component C by their respective selected values S,
(1920x1080) liquid crystal data units for the color component
C are obtained.

For example, it is assumed that, in a given pixel included in
an input image, the luminance for red is Xr (=60), the lumi-
nance for green is Xg (=75), and the luminance for blue is
Xb (=80), and the luminance for red in a pixel corresponding
to the given pixel that is included in second backlight lumi-
nance data is Ar (=100), the luminance for green is Ag (=150),
and the luminance for blue is Ab (=70). In this case, a tem-
porary light transmittance for red is Xr/Ar=0.6, a temporary
light transmittance for green is Xg/Ag=0.5, and a temporary
light transmittance for blue is Xb/Ab=1.142 .. ., and thus, the
temporary light transmittance for blue (Xb/Ab) exceeds 1.
Therefore, this value is set as a selected value S, resulting in
a light transmittance Br for red=0.525 . . ., a light transmit-
tance Bg for green=0.4375 . . ., and a light transmittance Bb
for blue=1.0. Thus, the following equation (1) is established:

Xr:Xg:Xb=ArBr:Ag-Bg:Ab-Bb (1).

As such, although the luminance of a display pixel corre-
sponding to a final light transmittance is lower than a lumi-
nance at which display is originally supposed to be per-
formed, as shown in the equation (1), the ratio between the
RGB colors matches the ratio between the RGB colors at
which display is originally supposed to be performed. Hence,
the display device can display natural colors with high color
reproducibility.

Note that although in FIG. 4 the area active drive process-
ing unit 15 performs a sub-sampling process on an input
image to remove noise, and performs area active drive based
on a scaled-down image, the area active drive processing unit
15 may perform area active drive based on an original input
image.

<4. Effects>

According to the present embodiment, as described above
atstep S19, when any of temporary light transmittances Tt for
all color components (color components of three RGB colors)
forming a given pixel exceeds 1, the highest value of the three
temporary light transmittances Tt is set as a selected value S,
and when none of them exceeds 1, a selected value S is set to
1. Then, the temporary light transmittances Tt are divided by
the selected value S. According to this configuration, even
when any of temporary light transmittances Tt exceeds 1,
display with high color reproducibility can be performed on a
display unit.

<5. Others>

Although in the above-described embodiments, the back-
light 13 consists of the red LEDs 23, the green LEDs 24, and
the blue LEDs 25, the backlight may consist of Cold Cathode
Fluorescent Lamps (CCFLs), etc. Also, although the liquid
crystal panel 11 consists of multiple display elements 21
including liquid crystals, instead of liquid crystals, shutter
elements may be used that are formed of a known material
having an electro-optical characteristic that allows to control
the transmittances of lights from the backlight 13.

Although in the above-described embodiments, each LED
unit 22 includes one red LED 23, one green LED 24, and one
blue LED 25, the number of LEDs of the three colors included
in each LED unit 22 may be other than that. For example, each
LED unit 22 may include one red LED 23, one blue LED 25,
and two green LEDs 24. In this case, the backlight drive
circuit 14 controls the two green LEDs 24 such that the sum
of the luminances of the two green LEDs 24 is an LED
luminance determined at step S15. Alternatively, a configu-
ration including a white LED in addition to the three colors
may be employed. With this configuration, a phenomenon
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which occurs when any of temporary light transmittances Tt
exceeds 1 and in which an overall luminance value (combined
luminance value) for the three colors is smaller than a lumi-
nance value at which reproduction is supposed to be per-
formed, can be overcome by increasing the luminance of the
white LED by an amount corresponding to the reduction.
Alternatively, the configuration may be such that LEDs that
emit a plurality of primary colors other than the above-de-
scribed three or four colors are appropriately combined.

In the above-described embodiment, when any of tempo-
rary light transmittances Tt for the respective colors exceeds
1, the temporary light transmittances Tt are divided by the
highest value thereof, but the temporary light transmittances
Tt do not necessarily need to be divided by the highest value
of'the temporary light transmittances Tt, and a predetermined
value larger than the highest value may be used. By doing so,
light transmittances T do notexceed 1 and the luminance ratio
between the three colors does not change. Thus, even if the
combined luminance for the colors in a corresponding pixel
decreases, color reproducibility does not decrease. Accord-
ingly, an image can be displayed in more natural colors. Note
that, even if the predetermined value is smaller than the high-
est value, the effect of suppressing a reduction in color repro-
ducibility can be provided.

INDUSTRIAL APPLICABILITY

The present invention is to be applied to image display
devices having a backlight device including light sources that
emit a plurality of primary colors, and is suitably used for
image display devices such as liquid crystal display devices
having the function of controlling the luminance of a back-
light (backlight dimming function).

DESCRIPTION OF REFERENCE NUMERALS

10: LIQUID CRYSTAL DISPLAY DEVICE

11: LIQUID CRYSTAL PANEL

12: PANEL DRIVE CIRCUIT

13: BACKLIGHT

14: BACKLIGHT DRIVE CIRCUIT

15: AREA ACTIVE DRIVE PROCESSING UNIT
21: DISPLAY ELEMENT

22: LED UNIT

31: INPUT IMAGE

32: LIQUID CRYSTAL DATA

33: LED DATA

41: LUMINANCE IMAGE

42: DELAYED INPUT IMAGE

43: PSF DATA

151: LED OUTPUT VALUE CALCULATING UNIT
152: DISPLAY LUMINANCE CALCULATING UNIT
153: FRAME MEMORY

154: LCD DATA CALCULATING UNIT

155: LUMINANCE SPREAD FILTER

541 to 543: FIRST DIVISION CIRCUIT

545 to 547: SECOND DIVISION CIRCUIT

544: HIGHEST VALUE SELECTION CIRCUIT

The invention claimed is:
1. Animage display device having a function of controlling
a luminance of a backlight, the image display device com-
prising:
a backlight including a plurality of light sources that emit
lights which are a plurality of primary colors;
adisplay panel including a plurality of sets of a plurality of
display elements, each set displaying one pixel in a
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plurality of colors by allowing lights from the light
sources to be transmitted therethrough;

a light-emission luminance calculating unit that divides an
input image into a plurality of areas and obtains light-
emission luminance data based on the input image, the
input image including a plurality of pixels, each of
which is formed by a plurality of colors, the light-emis-
sion luminance data representing luminances upon light
emission of the light sources provided for the respective
areas;

a display luminance calculating unit that determines dis-
play luminances based on the light-emission luminance
data for the respective areas, the display luminances
being highest luminances obtained by the respective
display elements;

a display data calculating unit that obtains display data for
controlling light transmittances of the display elements,
based on the input image and the display luminances
determined by the display luminance calculating unit;

apanel drive circuit that outputs, based on the display data,
signals for controlling the light transmittances of the
display elements to the display panel; and

a backlight drive circuit that outputs, based on the light-
emission luminance data, signals for controlling lumi-
nances of the light sources to the backlight, wherein

when any of luminances for the respective colors forming
apixel in the input image is higher than a corresponding
display luminance, the display data calculating unit
obtains the display data based on values obtained by
dividing each of the luminances for the respective colors
forming the pixel in the input image by a same value, so
that a light transmittance of a corresponding display
element is 1 or less.

2. The image display device according to claim 1, wherein
the display data calculating unit divides luminances for the
respective colors forming a pixel in the input image by cor-
responding display luminances for the respective colors of the
pixel, thereby calculating temporary light transmittances for
the respective colors, and when a highest value of the tempo-
rary light transmittances for the respective colors exceeds 1,
the display data calculating unit divides each of the temporary
light transmittances for the respective colors by the highest
value, thereby calculating light transmittances for the respec-
tive colors, and when the highest value is 1 or less, the display
data calculating unit calculates the temporary light transmit-
tances for the respective colors as light transmittances for the
respective colors.

3. The image display device according to claim 2, wherein
the display data calculating unit includes:

afirst division circuit that outputs the temporary light trans-
mittances for the respective colors which are obtained by
dividing luminances for the respective colors forming a
pixel in the input image by corresponding display the
luminances for the respective colors of the pixel;

a highest value selection circuit that selects a highest value
of the temporary light transmittances for the respective
colors which are outputted from the first division circuit,
and outputs the highest value as a selected value when
the highest value exceeds 1, and outputs 1 as a selected
value when the highest value is 1 or less; and

a second division circuit that outputs the light transmit-
tances for the respective colors which are obtained by
dividing each of the temporary light transmittances for
the respective colors which are outputted from the first
division circuit by the selected value outputted from the
highest value selection circuit.



US 8,619,010 B2

15

4. The image display device according to claim 1, wherein

the backlight includes light sources that respectively emit
red, green, and blue which are three primary colors of
light, and

the display panel includes display elements that respec-
tively control transmittances of red, green, and blue
lights emitted from the light sources.

5. The image display device according to claim 4, wherein
the display panel includes liquid crystal elements as the dis-
play elements.

6. An image control display method for an image display
device having a function of controlling a luminance of a
backlight, and having a backlight including a plurality of light
sources that emit lights which become a plurality of primary
colors; and a display panel including a plurality of sets of a
plurality of display elements, each set displaying one pixel in
a plurality of colors by allowing lights from the light sources
to be transmitted therethrough, the method comprising:

a light-emission luminance calculating step of dividing an
input image into a plurality of areas and obtaining light-
emission luminance data based on the input image, the
input image including a plurality of pixels, each of
which is formed by a plurality of colors, the light-emis-
sion luminance data representing luminances upon light
emission of the light sources provided for the respective
areas;

a display luminance calculating step of determining dis-
play luminances based on the light-emission luminance
data for the respective areas, the display luminances
being highest luminances obtained by the respective
display elements;

adisplay data calculating step of obtaining display data for
controlling light transmittances of the display elements,
based on the input image and the display luminances
determined in the display luminance calculating step;

apanel driving step of causing the display panel to control
the light transmittances of the display elements, based
on the display data; and

abacklight driving step of causing the backlight to control
luminances of the light sources, based on the light-emis-
sion luminance data, wherein in the display data calcu-
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lating step, when any of luminances for the respective
colors forming a pixel in the input image is higher than
a corresponding display luminance, the display data is
obtained based on values obtained by dividing each of
the luminances for the respective colors forming the
pixel in the input image by a same value, so that a light
transmittance of a corresponding display element is 1 or
less.

7. The image display method according to claim 6, wherein
in the display data calculating step, the luminances for the
respective colors forming a pixel in the input image are
divided by corresponding display luminances for the respec-
tive colors of the pixel, thereby calculating temporary light
transmittances for the respective colors, and when a highest
value of the temporary light transmittances for the respective
colors exceeds 1, each of the temporary light transmittances
for the respective colors is divided by the highest value,
thereby calculating light transmittances for the respective
colors, and when the highest value is 1 or less, the temporary
light transmittances for the respective colors are calculated as
light transmittances for the respective colors.

8. The image display method according to claim 7, wherein
the display data calculating step includes:

a first division step of outputting the temporary light trans-
mittances for the respective colors which are obtained by
dividing the luminances for the respective colors form-
ing a pixel in the input image by corresponding display
luminances for the respective colors of the pixel;

a highest value selecting step of selecting a highest value of
the temporary light transmittances for the respective
colors which are outputted in the first division step, and
outputting the highest value as a selected value when the
highest value exceeds 1, and outputting 1 as a selected
value when the highest value is 1 or less; and

a second division step of outputting light transmittances for
the respective colors which are obtained by dividing
each of the temporary light transmittances for the
respective colors which are outputted in the first division
step by the selected value outputted in the highest value
selecting step.



